Only two of the many previously described species of the genus Pseudomonas wil grow and metabolize sugars under strictly anaerobic conditions. Certain others can make use of substitute hydrogen acceptors, such as nitrates or nitrites, but only Pseudomonas lindneri and Pseudomonas fermetas are truly fermentative organisms (Kluyver and Hoppenbrouwers, 1931; Kuhr, 1932) . The former carries out an alcoholic fermentation similar to that of yeast, and the latter, now thought to be identical with Prote hydrophilus (Sanarelli, 1891) and perhaps better called Pseudomonas hydrophila (Stanier, 1943; Miles and Miles, 1951) , has a butylene glycol or Aerobacter-type of fermentation. The anaerobic metabolism of these two organisms is so distinctive that Kluyver and van Niel (1936) suggested that they be assigned two separate genera, called Zymomonas and Aeromonas, respectively.
In 1942 Doudoroff showed that certain facultatively anaerobic luminous bacteria of the genera Photobacterium and Achromobacter possessed a mixed acid type of fermentation similar to that of Escherichia coli. Since there exists evidence that these luminous bacteria are polarly flagellated (Molisch, 1912; Breed et al., 1948; and Johnson et al., 1943) to be able to ferment both sugars with the production of acid but no gas. Suspicion that the organism might not be peritrichously flagellated was aroused by microscopic observation of its motions. A flagella stain by the method of Zettnow (1899) demonstrated a single polar flagellum, which necessitated allocating the organism to the pseudomonad group. Because of its peculiar fermentative abilities and especially its inability to form gas, an attempt was made to establish the nature of the fermentation by analysis of the products of glucose dissimilation.
Description. The organism appears as a short, plump, polarly flagellated, gram negative, nonsporogenous rod measuring 4-5 , by 1-2 ,u (figure 1). In the presence of 10 per cent yeast autolysate it can utilize glucose, lactose, and sucrose as carbon source both aerobically and anaerobically. It is methyl red positive, produces indole in tryptophan broth, possesses catalase, and is actively motile in young, neutral cultures. Acetylmethylcarbinol cannot be detected in its fermentation fluid, and Koser's citrate medium will not support its growth. Optimum growth temperature is about 30 C, but good growth has been observed at temperatures ranging from 20 to 40 C. In broth its growth is diffuse and without pellicle formation. Colonies on solid media are low, circular, convex, smooth, shiny, and white with entire margins and a butyric consistency. These colonies attain a diameter of 2-3 mm when grown 24 hr at 30 C on 10 per cent yeast autolysate agar.
Chemical determination8. To neutralize the acidic products of this fermentation, a 500 ml fermentation bottle was fitted with a 100 ml separatory funnel for the addition of 3 per cent Na2CO3 during the process. The medium consisted of 10 per cent yeast autolysate, 5 g of glucose, 0.4 g of Na2CO,, a few drops of phenol red and bromeresol green, and enough H3P04 to bring the pH to neutrality. Using the usual sterile and anaerobic precautions, the medium was inoculated from a 10 per cent yeast autolysate agar slant and the apparatus incubated at 30 C. 734 NEW FERAIENTATIVE PSEUDOMONAD, P. FORMICANS After 36 hr, during which the pH was maintained between 5 and 7, only 0.3 g of glucose remained. The fermentation products obtained accounted for the amount of sugar used.
Glucose was determined by the copper reduction method of Luff as modified by Schoorl (Browne and Zerban, 1941) . Ethanol was distilled from the neutral culture and determined by oxidation to acetic acid with acidic K2Cr2O7 (Neish, 1950) . The residue from the neutral distillation was brought to pH 2 with H2S04 and subjected to steam distillation. This distillate contained only formic and acetic acids. (The former was identified by its ability to reduce HgCl2 to calomel in neutral solution, and the Duclaux distillation curve for the steam distillate presented the characteristics of a formicacetic acid mixture.) Quantitative determination of these two acids was made by the Duclaux titration method (Knetemann, 1928; Stokes, 1949) . The residue from the steam distillation was concentrated over a steam bath and dried by the addition of anhydrous Na2SO4. The only acidic components in an ether extract of this powder were lactic and succinic acids. For determination, the former was oxidized to acetaldehyde with KMnO4 and MnSO4 (Friedemann and Graeser, 1933; Stone, 1938) , while the latter wvas determined manometrically with a succinic dehydrogenase preparation (Umbreit et al., 1947) . gaseous products. To determine whether CO2 might not have been produced during the fermentation, and to reascertain quantitatively the total acid production, several manometric experiments were done. The cells used had been grown as described at the beginning of the previous section, i.e., anaerobically with periodic neutralization, and hence in the presence of an increasing amount of formate. These are conditions under which E. coli would surely show formic hydrogenlyase activity and gas production. When about 24 hr old, the Pseudomonas cells were centrifuged from the fermentation liquor, washed, and resuspended in 0.01 N NaHCO3 so as to give a final concentration of about 0.5 ,uL of packed cells per ml. Reference to table 1 will show that the chemical and manometric values for total acid production do not agree exactly, the figures being 2.54 and 2.33 moles per mole of glucose, respectively. This is not surprising in view of the findings of Stokes and others that the relative amounts of the various products of this fermentation may vary considerably with environmental changes. Stokes found, in particular, that a low pH and the absence of phosphate favored lactic over volatile acid production. It is to be noted that during the manometric experiments negligible phosphate was present. A relative preponderance of lactic over volatile acid production would explain the smaller total acid production observed there.
DISCUSSION
The bacterium reported in this paper corresponds biochemically in every way tested to the common colon bacillus, except that it has never been seen to give rise to gas fermentatively. Under special conditions E. coli too can ferment sugars without the production of gas; in all such cases formic acid appears instead (Stephenson, 1949; Gordon and Stickland, 1949) . Furthermore, there is a group of closely related organisms, the paracolon bacilli (Stuart et al., 1943) , thought to have lost this gas forming ability by a more permanent sort of modification. Tasman and Pot (1934) have reported that certain members of the paratyphoid group also do not liberate gas during the fermentation of carbohydrates. But even in the face of such variability, it seems no more logical to analogize this pseudomonad to a colon bacillus which has lost its power of gas formation than to a typhoid organism which has gained the ability to ferment lactose. At present, speculation along this vein would seem to be valueless, but of some importance is the fact that a polarly flagellated organism has now been found which convincingly imitates some members of the enterobacter group. It now seems reasonable to expect that other polar flagellates might exist which are biochemically identical with other well known peritrichously flagellated types, and that these have only escaped detection heretofore because flagella staining is a relatively uncommon procedure.
The organism which forms the subject of this paper, then, mimics the genera Escherichia and Salmonella in its major biochemical char. acteristics. Since it is a free-living, nonsporogenous, gram negative, polarly flagellated rod, it must be assigned to the genus Pseudomonas. Assignment to either of the proposed genera Aeromonas or Zymomonas seems inappropriate NEW FERMENTATIVE PSEUDOMONAD, P. FORMICANS because the metabolic pattern of the organism is quite unlike that of either Aerobacter species or yeast. Because of the predominance of formic acid among the products of the fermentation, the specific name formicans suggested itself; the organism was therefore named Pseudomonas formicans.
At present the fermentative types represented among the potentially anaerobic Pseudomonas species include an alcoholic fermentation (P. lindneri), a butylene glycol fermentation (P. hydrophila), and, if one assumes that the luminous bacteria used by Doudoroff were polarly flagellated, a number of typical mixed acid fermentations. It is possible that still other types, such as a straight lactic acid fermentation, or a glycerol fermentation similar to that observed with the Ford strain of BaciUus subtilis (Neish et al., 1945) 
SUMMARY
This paper contains the description of a fermentative pseudomonad which is biochemically like Escherichia coli except for its inability to form gas anaerobically. This was shown by analysis of the products formed during its fermentation of glucose, these products comprising ethanol, and formic, acetic, lactic, and succinic acids. The binomial Psudomonas formicans, n. 8p., was chosen for the organism because of the predominance of formic acid anong its fermentation products.
